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Soil is used extensively as an engineering mate�ial in the con­
structicn of airfields, highways, levees and other engineering works. 
Unlike otheI· engineering materials soil ·must, in most cases, be used 
as it occurs in nature. It is often necessary to exca vate and trans-
·port soil from its natural location when used in earth construction. 
In most situations, reworked soil is too weak and compressible to meet 
desired engineering requirements. However, through densifica tion by 
compaction, soil properties can be altered to make it a stabilized 
material suitable for engineering use. Ir.creasing the density of a 
soil through compaction increases shear strength, reduces future 
settlement and decreases permeability. 
Soils which exhibit different physical properties react differently 
when exposed to the compaction precess. Some clays a nd other highly 
cohesive soils a re very unstable materials due to their physical propei-­
ties. As a result, use of such material is usually a voided in engin­
eering construction. Howevei-- , extensive areas of the world are covered 
by unstable soils. Therefore it is often necessary to use these un­
sta ble materials, since it is economic�lly unfeasible to bypass them 
or repl.Jce them with more sui tabl.E: ma terlal. 
The compaction process consists of determining the moisture con­
tent of the sci l which will enctble the maxin�um dry density to be 
achieved with a given amount of compactive effort, thereby improving 
the stability. For most soils typically encountered in earth con­
struction, standard compaction te�t results indicate a single peak 
, . 
2 
in the dry density versus moisture content curve (Figure 1). However, 
a few laboratory tests on clay have obtained irregular-shaped com­
paction curves with two distinct peaks (Figure 2)(1,2). Only a few 
labo=ztory tests have obtained curves of this type. Since only a 
limited amount of data pertaining to irregular curves have been ob-
tained, the existing theories of compaction have not been extended to 
completely explain these irregular curves. 
Although th� fundamentals of compaction are not completely under­
stood, it is known that water plays an important part, especially iri 
fine-grained soils. The compaction process consists of determining the 
moisture content of the soil which will enable the maximum dry density 
to be achieved with a given amount of compactive effort. As a result, 
compaction is regarded by many engineers as a design tool. The unit 
weight and moisture content can be controlled economically, within 
limits, during compaction to produce soils that most·nearly exhibit 
the degree of permeability, shear strength, swell, and settlement de­
sired by the engineer. This is especially true fo= construction of 
subgrades, bases, earth darns, diversion dikes, embankments, and back­
fill around conduits. 
B. �henomena of Irregularly Shaped Compqction Curves 
A tbeory of cor:1paction explains th0 relationship of moisture on 
the compacted dry density. A+ the present tiMe the compaction process 
Moisture Content - % 
Figure 1. Typical Single Peak Moisture­
Density Curve. 
<..> 
0.. .  
Moisture Content - % 
Figure 2. Double Peak Moisture-Density 
Curve Noted by R. E. Olson. 
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is only poorly understood. In an attempt to explain the compaction 
phenomena, four compaction theories have been proposed. 
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Proctor's capil�arity and l ubrication theory (3) concluded that 
small amounts of moisture contained in a very dry soil surround each 
particl e as a thin film. Where the fil ms came in contact, the capil­
lary force caused by surface tension of the joined films drew the 
particles firmly together, causing a high frictional resistance be­
tween them. Additional water had the effect of lubricating the parti­
cles, thus causing increased dry density. 
Hogentogler's viscous water theory (4) postulated that the cohe­
siveness of the water decreased with distance from soil surfaces. 
Therefore at l ow water co�tents the high cohesiveness caused high 
strength and low dry densities. As more water was added the adsorbed 
water l ayers became thicker and l ess cohesive, resul ting in greater 
dry densities. 
Lambe's physico-chemical theory (5) held that at low water contents 
the, electro-negative properties of cl ay allowed some interparticle 
a.ttxaction which caused a floccul ated structure. Thu·s the shear 
strength was inc�eased and a low density resulted. As more v�ter was 
added lubrication caused an increased dry density. Ol son's effective 
· stress theory (1) expl ained the development of normal stresses between 
particles to resist compaction. The effective normal stresses v1ere 
decreased by the development of positive pore wat.er or-pore-a.ir pres­
sures. Dec::-ea.ses in the effective stresses reduced the shearin9 
·r 
. ... 
strength of the inte:rparticle contacts and allowed the p�:rticles to 
slids over one another during compaction, thus increasing the dry 
density. 
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R. E. Olson presented a surnmary of these theories in which he 
revealed the limitations and inadequacies of each theory including his 
own theory of effective stress ( 1) . In the summary Olson stated t;1at 
the theory of effective stress applied only to the peak at.higher 
water contents. Proctor, Hogentogler, and Lambe also developed their 
theories on the basis of a single peak moisture density compaction 
curve. However, numerous shapes were observed. Olson noted that an 
illitic type clay.exhibited a double peak moisture density-c�rve. Due 
to lack of a diagnostic laboratory investigation he gave only a tenta­
tive explanation·of the shape of the double peak. He explaine� the 
concaved portion of the curve between the two peaks as being goverr.ed 
by the effect of negative pore water pressure. The formation of pore 
water men1sci between soil particles at their contact points caused an 
increase in effective stress from the surface tension property of the 
pore fluid. The increased shear strength of the soil-caused the com­
pacted dry densities to decrease, since the lateral pressure was 
required to resist the foot pressure. The minimum dry density between 
two peaks occurred when all the menisci were fully developed. Beyond 
this point the flattening of the menisci reduced the pressure differ­
ential across the curved surfac0, whereupon iub:rication and double 
water layers he) ped to develop a more c-: spersed structure. The result­
ing increase in dry density <:ontinued until the second peak cf optimum 
water was attained. 
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With only inconclusive data available Olson suggested that a 
double peak comp�ction curve could form only in soils containing a 
dominant percentage of plate-like colloidal particles. He also noted 
that a double-peak curve has not been observed with 'soils containing 
only a small amount of clay. However, data compiled by the Highway 
Research Board (2) has revealed that some sands exhibit very irregular 
compaction curves that are almost straight lines. They atso noted 
that clay soils that are often highly structured may result in irregu­
_lar compaction curves when tested by the Standard AASHO Method T99-57. 
They found that increasing the compaction effort by three times the 
standard effort resulted in a marked change in the shape of the 
moisture density-dry unit weight curve. The existing theories of com­
paction could not be applied to these unusual shaped compaction curves. 
c. Classification of Soils Which Exhibit Irregular Compaction Curves 
Among the soil tests required for controlling the quality of earth 
construction, the c�mpaction test is one of the most important. The 
effects of compaction on shear strength, compressibility, and permea­
bility have been studied extensively; however, the compaction process 
itself is only poorly understood. Considering the large quantities of 
soil compacted annually, it seems desirable to attain a more thorough 
understanding of the mechanics of the compaction process. 
Since soil is used as an engineering material,. it must behave in 
a definite explainable manner. The existence of irregularly shaped 
compaction curves is bas€d on contradicted data. As a result the type 
of soils exhibiting irregular shaped curves is not known. Determining 
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the optimum water content to achieve maximum dry density for soils 
exhibiting these characteristics could present a problem to the engin­
eer. Soil classifications are developed as an attempt to aid in the 
solution of problems. Various classifications have 'been developed to 
help the engineer to analyze soil material for engineering purposes. 
Thus, for use in flow problems, soils are described as having degrees 
of permeability such as high, medium, low and impermeable._ 
The Bureau of Reclamation and Corps of Engineers jointly developed 
a unified system intended for use in all engineering problems involving 
soils. This classification gives a general indication of various soil 
groups along with an indication of the permeability, strength, and 
compressibility of the various soil groups and an indication of the 
relative desirability of each group for use in earth dams, canal 
sections, foundations, and runways. Casagrande (6) furthered the 
unified system by classifying the soils according to their liquid and 
plastic limits. 
Classification is a means toward an end. A system of classifica­
tion aids the engineer in analyzing a soil so it can -be used effec­
tively as an engineering material. Presently no one has attempted to 
group soils according to their compaction behaviors. Such a system 
would help the engineer in analyzing the properties of a soil for 
earthwork construction. 
D. Obiect and Scope of Investigation 
Considering these basic facts an investigation was carried out at 
South Dakota State University, sponsored by the National Science 
8 
Foundation, to examine the existence of double-peak and irregularly 
shaped moisture-density compaction curves. The objective of the exper­
iment was two-fold: (1) To establish the existence of irregularly 
shaped compaction curves and (2) to examine the charatteristics of 
soils which produce irregularly shaped compaction curves from a 
macroscopic and also microscopic level. 
The results of this study should confir� the existence of irregu­
larly shaped compaction curves and also provide information on whether 
a correlation of the compaction curve shapes and the index properties 
exists. Knowing the effects of various mineral consti�ents on the 
shape of the compaction curve should reveal a better understanding of 
the fundamentals of soil behavior. 
The primary effort of the research was focused on obtaining 
irregularly shaped .compaction curves from soils exhibiting different 
physical properties. In addition, the effect of varying the time be­
tween preparation of the sample and testing time was investigated. The 
incorporatjon of water into heavy textured clayey soil is very diffi­
cult. Thus the effects of the wetting period (time the sample is 
allowed to stand in a control room to allow even distribution of the 
water throughout the sample) on the compaction curve was also studied. 
CHAPTER II 
LABORATORY INVESTIGATION 
A. Soil Test Specimens 
In an effort to study rr.ore than one aspect of this investigation 
at one time, a testing program was followed which combined a number of 
variables (for the purpose of obtaining various shapes of compaction 
curves). Soil samples having different physical properties were 
tested. Due to the cost and time invol ved it would have beer1 quite 
difficul t to obtain a l arge number of soil specimens from different 
parts of the country, specimens which would exhibit different physical 
properties. It is also extremel y difficul t to determine th2 exact 
mineral percentages of soil samples. Presentl y x-ra y diffraction an­
alysis can be used .to determine the mineral constituents of a soil 
specimen. However the equipment empl oyed using x-ray diffraction to 
determine the exact percentage of the various minerals was not avail­
able. Therefore in an effort to obtain test samples exhibiting a wide 
range of physical prope�ties and at the same time to know the exact 
mineral percentages of each specimen, soil sampl es were combined from 
known minerals. The five most important and common minerals found in 
soils are kaolinite, montmorillonitc, illite, quartz, and feldspar. It 
is known that over ninety per cent of all soils in the world are made 
up of silicate minerals. Kaolinite is the most common two l ayered 
silicate mineral encountered by engineers. The two most corrnton three 
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layered structures in  soil are montmorillonite and � llite. Feldspar 
and quartz make up a framework silicate structure .  Because they are 
co:nrnon rock- forming minerals, the frameworks, espec i a l ly quartz a nd 
feldspar are abundant in soi ls  and also are found in pure deposits com­
monly known as sand. As a result four primary samples consisti�g of 
kaolini te , mcntmorilloni te, ill ite, sand , which wa s loca lly ava ilable , 
were obta ined. The sand sample consisted primarily of fel dspar. From 
these four samples an  a dditional 28 samples were obtained by mixing 
arbitrary combinations of each. In addition 6 natura l  sa;:-;ples,  typi­
ca lly encountered in engineering construction from variou s locations 
in the country, were also tested a s  a basis of comparison ( Ta bl e  l ) .  
B. Test Proc edu�e 
Three types of compaction effort are currentl y  used in compaction 
tests . They are the impa ct , the kneading type and the vibra tory type. 
Sta tic compression is a lso used on a very limited scale in the prepar­
ation of test specimens. 
In  a dditi on to the differences in types of compaction effort , 
there ar-e other Yaria tions that influence the moisture content-unit 
weight relati ons. The se  include size of mold, a mount of compa ction 
effort , maximum size of a ggregates permitted, method of supporting the 
mold ,  a nd method o f  p-eparing the soil for testing. As 2 result , the 
standard methods he.VE:· been set-up for the variou s types of  compa e: tion. 
The most  corr,monl y 2nd vddel y i.lsed me thod is the Standard AASHO 
( Mner ican  i:. s2oda  t:.on o f  St2 te Highv·a y  Of f i c ia ls )  a _ so identified a s  
ASTM Des igna t ion : Dt 92 -- 70. In  this method the soil fra c ti on pa ssing 
1 1  
TABLE 1 
Selected Soil Samples 
Sample Sand Montrnoril- Illi te Kaol inite L . L .  P . I. 
No . Percentage lonit� Per- Per-
Percentage centage c enta ge 
1 0 0 0 100 35  5 
2 0 0 100 0 51 21 
3 0 100 0 0 548 500 
4 100 0 0 0 0 NP 
5 0 50 0 50 226 174 
6 50 50 0 0 230 198 
7 25 0 50 25 40 19 
8 25 25 50 0 1 02 78 
9 50 25 0 25 1 17 106 
10  25 50 25 0 172 142 
11 0 50 :,0 0 170 129 
12  ? h  -� 0 25 50 30 6 
13  25 50 0 25 1 61 132 
14 0 0 50 50 43 1 6  
� � l. ...,  50 25 25 0 72 50 
1 6  50 0 25 25 22 �-:J 
1 7  25 25 o . 50 1 12 85  
1 8  0 25 25 50 90 57 
1 9  50 0 50 0 27 8 
20 50 0 0 50 1 8  L't 
CZ .  i::- 1..i 21 0 25 50 25 10_5 ., 73 , <-
22 0 50 25 25 1 0 ' ., b  157 
23 85 1 5  0 0 51 26 
24 85  0 1 5  0 13  NP 
25 85 0 0 15 11 NP 
,; ,, 
L.0 60 0 1 0  30 18 4 
27 75 0 0 25 13 NP 
28 75 0 25 0 17  NP 
* Arbi trary Combina tions 
29 P ierre B-2ntonite 
, ,k 
310 244 
30 Oregon Cla y - G:ray 72 32 
(., { 30 ::. Q ..f 3 1  Washingtcn Cl ay - P..ed 8 I 
32 Texas Clay - Light Browr. 82 47 
33 P ier:re Shale - Sample #1  68 29 
34 Pierre Sh:1le - Sample #2 1 10 66 
* Natura l So il s  
through the No . 4 sieve ( 4. 76 mm) is compacted in three layers in a 
4 inch diameter mold by dropping a 5. 5 pound hammer from a height of 
12 inches , 25 times per · layer . 
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This  investigation is interested only in the shape of moisture­
density curves produced by one method only. With the exception of the 
wetting peri od, other differences in apparatus and procedures are not 
covered within thi s investigation ; they are assumed to be constant . 
In this study the method employed was that of the conventiona l Standard 
AASHO test ASTM Designation D698 -70 . 
The mechanica l compactor used (Figure 3) was a commercial device 
produced by So i lTest Incorporated. l t  is located in the soi l mechan-
ics laboratory at SDSU . The procedure followed was that of ASTI--1 D692 -70 . 
There was 6ne exc�ption to this procedure. Since this investigation 
was concerned with the double-peak compaction curve , much effort was 
focused on the low water content peak . In an effort to d iagnose the 
possi ble cause of such irregular curves the wetting period of the cohe­
sive samples wa s varied. The alteration of the procedure consisted of 
running the compa ction test immediately after the preparation of the 
sample and then bre�king each sample down and passing it through a No. 
4 sieve . Ther ea fter the samples were allowed to sit in a control room 
for a period of 7 days, a fter which the sample was tested agti in. 
Since  hi ghJ.y  cohesive soils were used as the t,est specimens , the 
wzter content i ncrements were varied by approximately two per cent . 
The proced.u:r:-2 outEned in the Method for Laborator y Determina tion of 
Moi sture  Content of Seil (ASTM DE s i gnation D221 6 )  � �a s fol lowed in 
1 3  
Figure 3 .  Dynamic Compa ctor . 
SOUTH DAKOTA STATE UNJVERS JTY lU�RA�V 
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determining the moisture content of each test sample,. This ccns ists of 
taking a rep�esentative sample of the material from one of the cut 
faces and drying it at a temperature of 230 ± 9°F. 
The index properties consisting of plastic limit and liqu i d  limit 
were determined for each test sample. The procedure followed was the 
conventional method ASTM D423-66 for the liquid limit and ASTM D424-59 
for the pl asti c limit. 
Plots of the dry unit-weight in pounds per cubic foot ( densities) 
of the so�l on the ordinates and corresponding moisture contents on the 
absicissas were made to determine the moisture-density relationship. 
Then curves connecting the plotted points were drawn. 
CHAPTER III  
DISCUSSION OF TEST RESULTS 
A. Existence of Irregular Compaction Curves 
An extensive l� boratory investigation involving 34 different soil 
samples and more than 650 standard compaction tests revealed many ir­
regularly shaped compaction curves. Figures 4-15 show examples of the 
results obta ined in this laborc1 tory investigation. The existence o f  
irregularly shaped compaction curves is clea rly shown by the results 
of this study. Some of the curves (Figures 4-9) clearly reveal the 
existence of the double peak curve which was noted by R. E. Olson . A 
number of the irre�ular shapes resemble the one-and-one-half peak 
curve (Figures 10 ,  1 1 , 1 2) which has been found to be characteristic 
of some sandy soil specimens. Some of the test samples which had a 
large per·centage of montmorilloni te exhibit a unique curve which was 
almost a stra ight line ·(Figures 13, 1 4, 1 5) with no distinct maximum 
dry density a nd an optimum water content which extended over a wide 
range. 
B .  Ana ly's i s  o f  Irreoular Col:lpa ction Curves 
A correl ation of  the index properties ( Table 1 )  and the compaction 
curve shapes was pe:rf orr;1ed . The results, shown in Figure 1 6, indica te 
an approxima te range of soils which will produce irregularly shaped 
compa c tion curves... The s o i l samples tes ted with a 1 :i qu id 1 imi t between 
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F igure 4 .  Doubl e Peak Moi s ture-Dens ity Curve . 
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Figure 6 .  Doubl e Peak  Moi s ture-Density Curve . 
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Figure 7 .  Double Peak Moisture-Density Curve . 
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Figure 1 1 . One-and-One-Ha l f  Peak Moisture-Density Curve . 
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Figure 12 . One-and-One-Half Peak Moisture-Dens ity Curve . 
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Figure 16. A Correlation of the Laboratory Results Using 
Modified Casagrande' s  Classifi cation. 
1 6  
29 
However, the results indicated an exception to this range. Sample No. 
23 (Figure 17 )  exhibits a curve which is irregularly shaped. Soil test 
samples with liquid limit of less than 30 and greater than 70 usually 
produce irregularly sha ped curves. However, this range also had a dis­
crepancy. Sample No. 20, located in the lower range near the boundary 
of  irregularly shaped curves, resulted in a typical single peak (Figure 
18 ) .  It must be remembered that the liquid limit o f  30 and 70 enclose 
only an approximate range of typical single peak curves. 
The discrepancies might be caused by the various mineral constitu­
ents of the test samples. Irregularly shaped curves resulted in the 
arbitrary combinations whenever rnontmorillonite was present. It is 
evident from the data that fifty per cent or more of sand also caused 
irregularly shaped compaction curves. The only exception to this was 
sample No. 20 which had fifty per cent sand and fi fty per cent kao­
linite. The resulting index properties of this sample (LL 18  and PI 4 )  
place it i n  the lower region o f  irregularly shaped curves. The com­
paction test, however ; resulted in a curve which was typical. 
Sample No. 23 consisted of eighty-five per cent sand and fifteen 
per cent _rnontQorillonite. It would be expected that this curve would 
be in the lower region of irregularly shaped cornpaction _curves. The 
small amount of rnontmorillonite present yielded a liquid limit of 
fifty-one. At the same time, however, the compaction test resulted in 
a distinct , irregularly  shaped compaction curve. Evtdently montmoril­
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Figure 17 . One-and-One-Half Peak Moi sture-Densi ty Curve . 
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it is present in amounts of fifteen per cent or g!eater. Montmoril­
lonite is an extremely plastic soil and the small amount of only fif­
teen per cent combined with eighty-five per cent sand, which is 
extremely nonplastic, yielded a liquid limit of 51 and plastic limit 
of 25. This is quite significant because in the Triangle Textural 
classification of soils which is based on the relative percentages of 
sand, silt, and clay size fraction, a soil sample containing eighty 
per cent or more of sand and twenty per cent or less of clay and/or 
silt is classified as sand. The compaction curve shape of this sample 
(Figure 16 ) is characteristic of sand specimens, but the large liquid 
limit places it in the category of clays according to Casagrande ' s  
Classification system. 
Skempton ' s "activity" (7) was also used in an attempt to deter­
mine an absolute corr�lation of the compaction curve shapes on the 
macroscopic level . He defines activity as the ratio qf plasticity in­
dex, P. I. to per cent clay particles smaller than two microns. He 
found that the activity of each clay type is constant. However no 
correlation between activity and irregularly shaped compaction curves 
could be found to exist. As a result it became necessary to examine 
the microscopic effects. 
The curve which is  characteristic of soil containing a dominant 
percent�ge of sand and the remaining portion containing a large amount 
of illi te is the one-and-one-half peak curve (Figure 10, 1 1, and 12). 
In these curves a very high dry density is obtained at zero water con­
tent. This was a unique charac teristi c of some of the sandy samples 
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tested. Under these c ircumstances water acts l ike ary antilubricant. 
Observations by H. M. Horn { 8 )  have shown that water is indeed an 
antilubricant for three dimensional network sil icates such as quartz 
and feldspar. Negative pore water pressure can also play a part in the 
compaction of sandy sampl es. At low water content some menisc i begin 
to form in sandy samples because only a small portion of the water is 
absorbed by the particles themselves . These menisc i tend to hold the 
particl es together, thus increasing the shear strength and dec reasing 
the density. Upon the addition of more water, the negative pore water 
pressure and the antilu brication effect come in balance. Then if more 
wa ter is added lubrication proceeds and the particles sl ide over one 
another, thus increasing the dry density. This phenomena progresses 
with the addition of water until enough water is added that it begins 
to displace the sand. particles ; this occurs at maximum dry density. 
Then the dry density decreases as the water displ aces the soil parti­
cles. 
W'nen small amounts of kaol inite were combined with a large percent­
age of sand such as sample numbers 25, 26, and 27 the resulting curves 
were di stinct double- peaks ( Figures 6, 7 �  and 8). Kaol inite is a 
bu l kiy material , and evidently particular structure and size pla y  an 
important part in the compaction process. Kaol inite has a particl e  
t..l-iickness frcm l/3d to 1/lOd where d varies from 0. 3 to 3 microns . 
Kaol ini te is a l•;o a two- iayered silicate sheet structure. Ill ite and 
mont�oril l onite are common three layered sil icate sheet structures. 
l ll ite has a thickness of 1/lOd where d varies from 0. 1 to 2 microns 
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and montmoril lonite has a thickness of 1/lOOd whe:re d varies from 0 . 1  
to 1 microns. It is interesting to note the variation in the c om­
paction curves with the differences in mineral structures present. A 
comparison of Figures 1 1, 12, and 17 with Figures 6, 7, and 8 reveals 
the differenc e in one-and-one-half peaks and double peaks . The one­
and-one-half peaks have ill ite or rnontrnoril lonite present wi th a la rge 
percentage of sand, while the double peak curves have a small percenta ge 
of kaolinite and a dominant percentage of sand present . 
It  is  known that it  is difficult to incorporate water into highly 
cohesi ve, heavy-textured clayey material. Since it is also known that 
water plays an important part in the compaction process the effects of 
the wetting period were also investigated. The wetting peri od is de­
fined as  the tim& a sample is allowed to sit at a controll ed tempera­
ture, th�s permitting the water to become evenly distributed throughout 
the test sample . This problem has been known for some_ time ; as a re­
sult, the ASTM specifications require a minimum wetting period of 
twel ve hours for highly cohesive materials. In this test the samples 
were run at time 0 or immediately  after preparation and then again 
at time = 7 days. The results showed a marked increase in the maximum 
dry density for most o f  the soil test samples (Figures 10, 1 3, and 19) . 
A seven day wetting period also resulted in a smoother curve . Highly 
cchesive soEs tend to form small packets in which the water is con­
centrated. This phenomenan causes the water content of the sample to 
be unevenly  distributed and as a result the compacti on curve may be 
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very uneven and not smooth. Therefore this confi;r-ms·· the necessity of 
a wetting period for complete distribution of water. It also emphasizes 
the lubrication effect of water, which was recognized earlier by 
Proctor. 
CHAPTER IV 
SUMMARY AND CONCLUSIONS 
A. Sum ary of Results and Conclusions 
After more than 650 compaction tests on 34 soil samples exhibiting 
various physical properties (Table 1), it was found that irregularly 
shaped compaction curves do exist for some soils. This investigation 
also revealed a number of characteristics of irregularly shaped com­
paction curves. 
1 .  When the various shaped compaction curves were c orrel ated 
with the index properties of the test samples according to 
the Modified Casagrande ' s classification scheme, two 
approximate regions of soils exhibiting irregul arly shaped 
compactio n. curves were indicated. One consisted of highly 
cohesive soils with liquid limits greater than 70, and the 
other consisted of soil s with l iquid limits of less than 
30. i-!owever, this macroscopic correlation resulted in a 
few exceptions. The index properties attempt to give a 
quantita tive measure of  the composite effects of al l the 
basic pr0perties of a soil . But the fact that they are 
not wholly sufficient is evidenced by the few exceptions. 
At this stage, it would appear that cl assification on 
simple index tests may be successfull y u sed to identify 
soils exhibiting irregularly shaped compaction curves.  If 
possibl e, however, they should be supplemented by 2 miner­
alogica l investiga tion . 
2. The properties of a clay are determined fundamentally by 
the physico- chemical characteristics of the various min­
eral consti tuents present. This investigation revealed 
that the mineral constituents of the soil samples defin­
itely affect the shape of the moisture-dens ity compaction 
curve. I t  was found that soils containing more than 
fifty per cent of. the framework minerals, quartz and 
feldspar, will cause irregularly shaped compaction curves. 
The mineral montmorillonite will also affect the shape of 
the comp�c tion curve when it is present in a soil in 
amounts of fifteen per cent or more. When the samples 
in the lower range containing more than fifty per cent 
of · framework minerals are combined with the three layered 
sil icates, illite or montmorillonite, the result is a 
one-and-one-half peak curve. When more than _fifty per cent 
of the framework minerals are combined with the two layered 
silicate, kaolinite, the double-peak curve resulted. Thi s  
definitely reveals the impact of the various mi nerals on 
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the compaction curve shape. Thi s  was not noted in the upper 
range where smaller percentages of framework mineral s  and 
greater amounts of l ayered silicates were present. 
3 .  Accord ing to this inves tiga tion four types of curves exist 
( Figure 19 ) . I n  addition to the typical s ingle peak com­
paction curve ( Type A ) ,  the results indicated a one-a nd-one­
half peak curve ( Type B), a double peak curve ( Type C) , and 
TWE A 
Moisture Content - % 
Single Peak Curve. 
TYPE C 
Moisture Content - % 
Double Peak Curve. 
TYPE B 
Moisture Content - % 




Moisture Content - % 
Oddly Shaped Curve Which is 
Almost a Straight Line. 
Figure 19. Four types of compaction curves found from the 
laboratory investiga tion. 
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a curve which was almost a straight line with no distinct 
maximum dry density or. optimum water content (Type D) . 
According to the Modified Casagrande's scheme, no  particul ar 
range could be attributed to each individual type of irregu­
larl y shaped compaction curve. 
4. In highly cohesive soils the wetting period influences the 
distribution of water throughout a sample and as a resul t 
a l so affects the maximum dry density. When water was first 
added to a dry sample it tended to form " packets" which con­
s isted of smal l  amounts of soil and a large concentration of 
the water. This uneven distribution of water resulted in 
scattered compaction data and an uneven curve. However, 
after a p�riod of time (7 days) the water became evenly dis­
tributed • .The result was an. increase in dry density and a 
smoother curve. Results have shown that the water becomes 
evenly distributed after a time of 12  hours. The effect of 
a wetting period was not so pronounced in soils with low 
l iquid limits. 
B .  Recommended  Areas of Future Study 
In  this study the primary obj ectives were to confirm the existence 
of irregular curves and determine the types of soil which are capabl e 
of producing irregularly shaped compaction curves . Since soil is an 
engineering material, it must behave in a definite explainable manner. 
However many factors affect the compaction test results. It has been 
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noted by the Highway Research Board (6) that incr_eas,ing the compaction 
effort by three times the standard resulted in marked changes in the 
shape of the compaction curve of some irregular curves. As a result 
the effects of different compaction efforts on the irregular compaction 
curves should be studied. If the different compaction energies affect 
the compaction curve, the different types of compaction equipment 
might also have an effect on the shape of the compaction curve . 
The influence of pore pressure suggested by R. E. Olson should 
be investigated. Negative pore water pressure depends upon surface 
tension property of the pore fluid. The surface tension is a char­
acteristic of the mineral composition . The reduction of surface ten­
sion should reduce the intergranular pressure between soil particles 
created by pore pressure forces. 
Results from such investigations might reveal the causes of the 
irregularly shaped compaction curves . 
I ,  
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